Zirconia is a multifunctional material with potential applications in wide domains. Rareearth doped zirconia and stabilized zirconia yield interesting properties based on the phase transitions induced by the sintering conditions. Zirconia nanopowders were prepared by hydrothermal technique. Synthesis methods of zirconia with various rare earths are discussed here. An overview of the sintering of zirconia-based ceramics is presented in particular for SOFC and sensors and optical applications.
Introduction
Zirconia (ZrO 2 ) is one of the materials well known for multifunctional applications [1] [2] [3] [4] [5] [6] [7] [8] .
Commonly employed application domains of ZrO 2 are refractories [9] , oxygen sensors [10] , and fuel cell membranes [11] due to the high O 2 diffusivity, structural [12] , and biomedical applications [13] due to its high strength and toughness. ZrO 2 with its higher birefringence than alumina [14] makes it to be employed in miniature optical devices. Two crystallographic transformations are experienced by ZrO 2 between room temperature and its melting point (~2715°C) such as monoclinic to tetragonal [15] at ~1170°C and tetragonal to cubic [16] at ~2370°C. The high temperature tetragonal and cubic forms are stabilized with different elements, such as Mg, Ca, Sc, Ce, and Y [17] . Existence of Cubic ZrO 2 until room temperature, which is named FSZ (fully stabilized zirconia), can be observed with concentration of 8% Yttria [18] . Stabilized zirconia in particular with Yttria called YSZ is widely used for a variety of applications such as thermal barrier material, and with additional optical characteristics such as transparency/ translucency, they are used as windows [19] for anvil cells, infrared windows, laser host materials, armor applications, optical lenses, tooth-like esthetics, thermal insulating transparent windows, scratch-resistant electronics, bar scanners and high pressure sodium, and mercury halide lamps. Initially, YSZ single crystals [20] were widely known for its use as artificial gemstones and high thermal shock behavior. Nevertheless, owing to the advantages [21] of polycrystalline transparent ceramics in terms of time, cost, size, shape, and mechanical strength have recently been studied to replace single crystals. Due to the inherent birefringence, additional light scattering will be experienced in addition to the grain boundaries. In this chapter, we have focused our attention on the application of ZrO 2 for SOFC and optical transparent ceramics. Syntheses of rare earth doped ZrO 2 nanopowders by hydrothermal method are discussed.
Zirconia phases
The phase diagram of zirconia is very well known in the literature. The polymorphism of zirconia is presented in the scheme (Figure 1 ) below:
The different phases of pure zirconia are clearly identified in Figure 2 . Indeed, without stabilization with yttria, zirconia is present in monoclinic form until a temperature of 1170°C, where it leaves room for the tetragonal phase. The cubic phase, meanwhile, can be obtained only from a temperature of 2370°C.
It is also noted that stabilization with yttria at 3 and 8% facilitates the organization of the zirconia crystals in the tetragonal phase, which is close to the cubic phase while avoiding the unstable monoclinic phase. The concentration of phase is stabilized partially with 3% of Y 2 O 3 , usually called partially stabilized zirconia (PSZ) (3YSZ), where both the monoclinic and tetragonal phases coexist. When the concentration of Y 2 O 3 reaches 8%, all the monoclinic phases are converted into tetragonal called as fully stabilized zirconia (FSZ) (8YSZ). Cubic phase is obtained with increasing Y 2 O 3 concentration, and the temperature required for densification is too high. It is known that the crystalline phase is easier to achieve than conventional crystal structures, but it is not possible to transform the phase into a monoclonal phase in the case of pure ZrO 2 . It follows therefore that the more the zirconia is stabilized and the more it will be possible to obtain a phase that will have the desired optical properties. 
Sintering Technology -Method and Application
The transition from tetragonal to monoclinic phase is done with a volume increase of about 4% leading to microcracking that drastically affects the mechanical properties. Therefore, the stabilization of cubic or tetragonal phase on larger temperature ranges is required for safety application. The tetragonal or cubic phase can be stabilized (e.g., the temperature of the "с → t" transition may be decreased) by inducing such additives as MgO, CaO, Y 2 O 3 , and other rare earth oxides, etc. The doping elements affect not only the structural and mechanical properties but also optical and electrical behavior. Synthetically, the binary system of ZrO 2 may be classified into different systems as specified by Haberko et al. [22] and cement industries, gas pumps for removing oxygen traces from the gases used in special industrial processes, and fuel cells. Their utilization opened a new way for optimization of oxygen (air)/fuel ratios and made automotive and industries more environment friendly due to its adequate level of oxygen ion conductivity and desirable stability in both oxidizing and reducing atmospheres [23] . In principle, these sensors use the Nernst voltage generated by the difference of two different ion concentrations (with different partial pressures) on the sides of an electrolyte, which generate an electrical potential. This voltage is proportional to the natural logarithm of the ratio of the two different ion concentrations according to the Nernst equation:
where k B is the Boltzmann constant (= 1.38 × 10 -23 J/K), T is the absolute temperature in K, e 0 is the elementary charge (1.602 × 10 −19 C), and c i is the ion concentration on the two sides of the solid electrolyte in mol/kg. The mechanism of zirconia partial oxygen pressure sensors is basically described below. At temperatures higher than a certain activation value depending on the composition and structure, zirconia partly dissociates to produce oxygen ions, which can be transported through the material when a voltage is applied. Due to this process, zirconia behaves like a solid electrolyte for oxygen. [24] . The development of planar sensors using ceramic membranes and multipackaging technology in place of classical bulk sintered materials shows the ability to increase the efficiency of the thermal transfer but has limited effect on the ionic conductivity of the material itself [25] . In this case, the technology is the main limiting factor, since complex additives are required to control the dispersibility of the ceramic powders [26] .
Reducing the diffusion and transport distances using nanocrystalline membranes and thin films, Kosacki et al. found that nanocrystalline YSZ thin films with mean grain sizes in the range 10-200 nm materials exhibited two-three orders of magnitude increase in conductivity compared to polycrystalline and single crystalline materials [27] . An activation energy in the range 0.85 ± 0.05 eV for bulk conductivity with a corresponding grain boundary conductivity of 1.0 ± 0.1 e for nanocrystalline 2-3 mol% Y 2 O 3 doped ZrO 2 ceramics with average grain particle in the range 35-50 nm was reported. It was also reported that yttria doped tetragonal zirconia (YTZP) ceramics have lower activation energy for the ion conduction opening the field for their utilization at lower temperatures [28] . A comprehensive review with respect to the structure, chemistry, design and selection of materials, underlying mechanisms, and performance of each SOFC component, which opens up the future directions toward pursuing SOFC research, was recently proposed in [29] .
Zirconia co-doped with different rare earth elements has been intensively studied during recent period due to the versatility of these materials in various optoelectronic devices and biomaterials. Some examples are summarized below. A single step, rapid microwave driven solution combustion technique was used to obtain luminescent, cubic doping and annealing on the morphology, crystal structure, and fluorescence properties of the resultant nanocrystals were investigated. Nanocrystals with tetragonal or cubic structure may find potential applications as the raw material for producing the transparent ceramics with efficient fluorescence properties [32] . Zirconium oxide powders doped with terbium, synthesized by hydrothermal route from a highly basic solution, were used to determine the role of the basic agent (NaOH, KOH, or LiOH) utilized to carry out the hydrothermal synthesis on their morphology, crystalline structure, photoluminescent, or cathodoluminescent properties [33] . Scandia-stabilized zirconia powder (ScSZ) was synthesized by a microwave-hydrothermal method. The structure of the ScSZ powder changed from a tetragonal to a cubic phase, and accordingly, the powder conductivity was increased from 90.55 to 120.56 mS/cm by the introduction of the mineralizer solutions (KOH + K 2 CO 3 ) during the microwave-hydrothermal processing [34] . Un-doped and rare earth (Dy and Ce)-doped ZrO 2 nanoparticles NPs were synthesized by coprecipitation method, showing no toxicity and possessing good antibacterial ability [35] . The thermal stability of zirconia up to very high temperatures explains also its intensive use in energy generation applications as coatings or sintered bulk pieces. Thermal barrier coatings (TBCs) have proved to be a key technology in thermal stability, and their use to achieve surface temperature reduction of the underlying super alloys surpass all other achievements in the field of material technologies that have taken place in last three decades [36] .
Zirconia nanopowder syntheses
The technique most often used to prepare zirconia powders is the sol-gel route. The sol-gel process makes it possible to manufacture an inorganic polymer by simple chemical reactions and at a temperature close to room temperature. The synthesis is carried out from precursors. They are either liquid or solid and are mostly soluble in common solvents. The simple chemical reactions at the base of the process are triggered when the precursors are brought into contact with water. To prepare the pure zirconia powders [37] [38] [39] [40] [41] , the precursor used is zirconium n-propoxide (Zr(OC 3 H 7 ) 4 , 70% diluted in n-PrOH) [42] . Sol-gel synthesis can also be carried out to obtain zirconia powders doped with 3% of Yttria [43] .
Another technique used in the synthesis is coprecipitation [44] . It is a simultaneous precipitation of two substances, and it is used for the preparation of 8YSZ. To do this, we must precipitate Zr 4+ and Y
3+
. aerosol (spray-pyrolisis). This process involves injecting the spray containing the precursor solution into a combustion chamber where the particles are quickly ignited. This technique makes it possible to obtain zirconia powders doped with Yttria [45] and in particular doped with 8YSZ [46] . It is also possible to use a hydrothermal route to synthesize zirconia powders [47] . Hydrothermal synthesis allows the production of crystalline fine powders to deagglomerate. These qualities are suitable for the preparation of fine oxide/oxide composites by simultaneous synthesis of the two phases. The last technique that can be used is a homogeneous precipitation method of zirconium oxychloride, yttrium, urea, which is used as a precipitating agent, and polyacrylic acid, which is used as a dispersing agent [48] .
Synthesis methods for RE doped ZrO 2 , with accent on hydrothermal synthesis
The so-called triangle synthesis, properties, and applications must be fully exploited to obtain assessed materials for specific applications. The properties of nanostructured materials depend on the atomic structure, composition, microstructure, defects, and interfaces, which are controlled by thermodynamics and kinetics of the synthesis. Different synthesis routes for manufacturing of nanomaterials were proposed. Generally, they may be classified as physical, chemical, and combined routes. Other classification considers the top-down approach from the macroscale to the nanoscale or conversely by assembly of atoms or particles using the bottom-up approach. Chemical reactions for material synthesis can be done in solid (conventional synthesis route), liquid, or gaseous state. For solid state reactions, diffusion of atoms depends on the temperature of the reaction, and transport across grain boundaries and grain growth at elevated temperature reactions may lead to solids with large grain size. Compared to solid-state synthesis, diffusion in the liquid or gas phase is typically and advantageously many orders of magnitude larger than in the solid phase; thus, the synthesis of nanostructured materials can be achieved at lower temperatures, reducing the detrimental grain growth.
Although many laboratory-scale reactions can be scaled up to economically produce large quantities of materials, the laboratory-scale reaction parameters may not be linearly related to that of large-scale reaction. The synthesis parameters such as temperature, pH, reactant concentration, and time should be ideally correlated with factors such as supersaturation, nucleation and growth rates, surface energy, and diffusion coefficients in order to ensure the reproducibility of reactions. A comparison between the main procedures used for the synthesis of doped zirconia materials is presented in Table 1 from the point of view of scalability.
The main advantages of the hydrothermal synthesis are one step process for powder synthesis or oriented ceramic films; minimized consumption energy; closed-flow system; relatively high deposition rate; products with much higher homogeneity than solid state processing; products with higher density than gas or vacuum processing (faster growth rate); and versatility: oxides, nonoxides, organic/biologic materials, and hybrid materials with different morphologies may be obtained [49] .
Classical sintering of rare earth doped zirconia
Different theoretical and empirical models for solid state sintering were used for modeling the density of sintered zirconia nanomaterials using classical pressing and sintering technology, however being limited by the complexity of the structural modifications during the compaction process. A study on the influence of the synthesis and processing parameters on the ion conduction of YTZP nanomaterials and the characteristics of gauges for pressure sensors was performed [50] . YTZP powders (ZrO 2 doped with 3.5 mol% Y 2 O 3 ) obtained by hydrothermal treatment of the precursor suspensions in a Teflon autoclave for various times at temperatures around 250°C using ammonia as mineralizing agent were used in the sintering studies.
Powders with very high specific surface area (195-200 m 2 /g) and pycnometric density in the range 5-5.2 g/cm 3 were used. YTZP powders obtained via the hydrothermal procedure having the microstructure and properties described before were used (Figure 3 ) to obtain compact materials via two methods:
• Bulk material by pseudo-axial pressing and sintering.
• Tape casting of membranes followed by drying and sintering.
The sintered bulk material was obtained by pseudo-biaxial pressing at 100 MPa followed by sintering in air. To eliminate the chemically bonded water, powders have been additionally attrition milled for 2 hours in acetone before addition of sintering additives. The optimal sintering parameters were estimated from the dynamic sintering curves obtained by the heating stage microscopy (Figure 4) . Two shrinkage intervals can be clearly observed, the first from room temperature to approximately 550°C related to thermal decomposition of binders (polyvinyl alcohol PVA) and the second at 1400°C corresponding to sintering, with a total shrinkage of 28% at 1400°C. Compacts with densities higher than 96% of the theoretical and grain sizes around 200 nm have been obtained.
The effective ionic conductivity of YTZP bulk materials was measured using impedancemetry measurements. The contributions of bulk and grain boundaries on the total ionic conductivity were calculated from the impedance spectra of samples. The results on the activation energy of ionic conduction are presented in Table 2 below.
The model developed suggest that grain boundaries increase the total ionic conductivity of yttria-doped zirconia due to a "short circuit effect," leading to an apparent conductivity Sintering Technology -Method and Applicationhigher than of single crystals of similar composition. This effect increases with decreasing grain sizes and may practically neglect large micrometric grain sizes.
New sintering methods of rare earth doped zirconia
Various sintering techniques [51] have been employed till date for the fabrication of YSZ transparent ceramics. Most prevalently used techniques are hot isostatic pressing [52] , spark plasma sintering (SPS) [53] , and microwave sintering [54] . Different approaches have been employed for obtaining transparent ceramics [55] of YSZ either by means of dopant, high pressure, two-step load application procedure, or pre compaction followed by vacuum sintering and hot isostatic pressing. Kim et al. [56] studied the effects of the sintering conditions of dental zirconia ceramics on the grain size and translucency by comparing the microwave sintering and classical sintering. Jiang et al. [57] analyzed the effects of sintering temperature and particle size (40 and 90 nm) on the 3YSZ (YSZ with 3% Y 2 O 3 ) dental ceramic because 3% Y 2 O 3 gives higher mechanical strength than 8% Y 2 O 3 . Fang et al. [58] showed enhanced densification of zirconia containing ceramic matrix composites by microwave processing. Tamburini have been selected for preliminary sintering tests using a field assisted method [64] . The hydrothermally synthesized powders after were mixed with a solution containing 6 wt% polyvinyl alcohol as binder and spray dried using a LabPlant spray drier system (air speed of 3.5 m/s at evacuation and feeding rate of 617 ml/h using a 0.5 mm nozzle). Rapid analysis by optical micrographs of all investigated samples revealed the presence of rounded particles with sizes ranging from a few microns to tens of microns. The powder morphology was maintained after the heat treatment for 2 hours at 500°C to remove the PVA binder, and they have been further used in FAST sintering tests, using a thermal mechanical simulator-Gleeble 3800, with fully integrated digital closed-loop control thermal and mechanical testing system makes highly accurate process control possible. The tests were conducted with variation of different key parameters, such as pressure, maximum temperature, and holding time, where the temperature range applied was 1100-1300°C, with pressure range of 75-125 MPa and holding time of 120-240 second.
The relative density of the sample was calculated to 99.47%, which was under the sintering condition at 1300°C and 125 MPa, with 25°C/S heat rate and 120 Sholding time. It may be observed that no open porosity exists, which indicates that a fully dense bulk material was achieved ( Figure 5 ).
Flash sintering is also a new sintering method that attracted significant attention for rapid densification of ceramics at low sintering temperatures, allowing to retain the fine grains and control the dielectric and mechanical properties. Flash sintering of yttria-stabilized zirconia at temperatures <600°C with a constant heating rate of 25°C/min leads to dense ceramics Sintering Technology -Method and Applicationwith high ultimate compressive strength >3.5 GPa and inelastic strain around 8% due to the transformation toughening. At higher temperatures, the high dislocation density induced by the flash sintering conditions improves the plasticity of the sintered ceramics and retards the cracks nucleation and propagation [65] .
Classification of transparent materials and applications of transparent ceramics
Nowadays, materials such as glasses, polymers, or single crystals are used for applications requiring good optical properties such as laser, lenses, camera domes, and much more.
However, transparent ceramics are an interesting alternative to the aforesaid materials.
Indeed, they have a greater ease of development of large complex parts, good mechanical properties (good resistance to thermal shocks and fractures), low thermal expansion, good thermal conductivity, and good tenacity. They are already used for various applications.
The manufacture of transparent ceramics
Transparent ceramics can be classified into two different forms based on their crystalline structure: the cubic structure and the noncubic structure. The cubic transparent ceramics is one of the widely reported in the literature. Manufacture of noncubic transparent ceramics is not an easy task, which can be explained as below. Depending on the type of structure, there will be the problem of birefringence occuring at the grain boundaries. For the noncubic structure, the material is said to be anisotropic. In this case, we observe two indices of refraction: the ordinary index and the extraordinary index. This extraordinary ray is going to make our material birefringent, and it will be necessary to control very closely the growth of the grains, due to the diffusion of light caused by the ceramics with birefringence.
The methods of fabrication of transparent ceramics are numerous such as hot pressing, hot isostatic pressing, vacuum sintering, microwave sintering, and spark plasma sintering.
Rare earth-based zirconia-based transparent ceramics by spark plasma sintering
Until to date, there are no reports focusing on yielding 3YSZ and 8YSZ transparent ceramics by analyzing sintering parameters and their influence in yielding transparency by SPS sintering. Here, we report on yielding 3YSZ transparent ceramics containing tetragonal phases without addition of any dopants or high-pressure technique. Tetragonal phased zirconia has interesting mechanical strength due to its large refractive index and high dielectric constants. In order to obtain transparent ceramics, it is necessary to have maximum density and minimum porosity in the orders of <0.01 vol% in the final sintered body. The aforesaid is achieved due to the interplay of various sintering parameters (SP) such as sintering temperature, dwell time, heating/cooling rate, pressure, and temperature of pressure application. We have optimized the sintering parameters and demonstrated the possibility of obtaining transparent 3YSZ through reactive sintering during spark plasma sintering favorizing cubic phase formation with Y segregation around the grain boundaries. We demonstrated for the first time the presence of tetragonal and cubic phases in transparent ceramics of 3YSZ and 8YSZ obtained by SPS. The experimental details and results are presented in the following sections.
In the present study, 3YSZ and 8YSZ nanopowders (Tosoh Corporation) with average crystallite size ~20 nm average particle diameter 0.3 μm were used for the fabrication of 3YSZ and 8YSZ transparent ceramics. Spark plasma sintering (SPS) experiments were performed with DR. SINTER LAB Spark Plasma Sintering system, Model SPS-515S-FUJI. The experiments were performed under a vacuum of 10 Pa with the pulse sequence for the SPS applied voltage of 12:2 (i.e., 12 ON/2 OFF). 1 g of powder was used for each experiment. The experiment was carried out in a graphite mold with inner diameter of 10 mm and external diameter of 25 mm. The internal of the graphite die was covered with carbon foil (Papyex). The mold was covered with carbon fiber felt to limit the loss of heat radiation. Due to the usage of pyrometer, the temperature was first increased to 600°C within 3 min without regulation and then increased to a range of temperatures from 1150-1400°C with different heating rate (R H ) ranging from 2.5
to 100°C/min and with 20 min dwell time. Uniaxial pressures ranging from 40 to 100 MPa were applied at room temperature (T R ) and sintering temperature (T S ), and their significances have been analyzed. The cooling rates (R C ) and R H were maintained equal in all the experiments. Then, the ceramics were ground and polished to a thickness of 1 mm with optical finishing. Powder X-ray diffraction (XRD) analysis was performed with a PANalytical X'Pert MDP diffractometer with θ-θ Bragg Brentano configuration, with a backscattering graphite monochromator for K α Cu radiation working at 40 kV and 40 mA. Temperature dependent XRD has been performed using a powder diffractometer (PANalytical X'Pert Pro) equipped with a high-temperature chamber Anton Paar HTK16 (1600° C) measuring with K α Cu radiation. The temperatures of analyses used were from room temperature until 1400°C. The density was measured by the Archimedes method in distilled water. The microstructure was observed by a scanning electron microscope (Joel 840 SEM) on fractured surface without polishing. The optical transmittance spectrum was measured by using a double beam spectrophotometer (Varian Cary 5000) at a range of between 200 and 7000 nm for a sample thickness of 1.5 mm.
It has to be mentioned that so far the ceramics of pure monoclinic ZrO 2 did not yield transparency, whereas the samples of 3YSZ were translucent and that of 8YSZ are well transparent. In order to study the behavior of ZrO 2 with three different compositions, all the samples were treated under same conditions, i.e., sintering temperature = 1200°C, heating/cooling rate = 2.5°, 5°, and 10°C/min, dwell time = 20 min, pressure applied = 100 MPa, and point of pressure application at the start of sintering cycle and the other being only during the dwell time. Though transparency was obtained for the pure ZrO 2 , the sample was dense under the following conditions: sintering temperature = 1200°C, heating/cooling rate = 2.5°C/min, dwell time = 20 min, pressure applied = 100 MPa, and point of pressure application = only during the dwell time. The translucent sample of 3YSZ was obtained at sintering temperature = 1200° C, heating/cooling rate = 2.5°C/min, dwell time = 20 min, pressure applied = 100 MPa, and point of pressure application = only during the dwell time/beginning of sintering cycle. The transparent sample of 8YSZ was obtained at sintering temperature = 1200°C, heating/cooling rate = 2.5°C/min, dwell time = 20 min, pressure applied = 100 MPa, and point of pressure application = only during the dwell time.
The XRD analysis in Figure 6 (a), which shows stabilized zirconia, shows that two samples have the same chemical composition. The initial one-phase powder monoclinic (Baddeleyte) was expected, since it is at room temperature and there is no addition of stabilizer. In addition, pure zirconia after sintering at 1200°C always has a monoclinic phase because its stabilization and sintering temperature is too low for the transition to a tetragonal phase. However, we note that the characteristic peaks of the monoclinic phase disappear more and more, which shows the beginning of a transition to a tetragonal phase. The analysis in Figure 6(b) shows that the three samples of 3YSZ contain the same chemical elements. The initial powder of 3YSZ has a monoclinic phase that tends to become tetragonal. For stabilized zirconia with 3% Yttria at sintering temperature of 1200° C, for heating and cooling rates 5 and 10°C/min, the tetragonal phase is obtained. However, a slight peak is observed for the 3YSZ at a heating and cooling rate of 10° C/min, which must correspond to a chemical reaction or to the fact that the corresponding heating rate is not low enough, which does not allow time for the material to change correctly of phases. The analysis in Figure 6 (c) shows that the three samples of 8YSZ contain the same chemical elements. The initial powder of 8YSZ has a mixture of tetragonal and cubic phase that tends to become cubic. For stabilized zirconia with 8% Yttria at sintering temperature of 1200°C, for heating and cooling rates of 5° and 10°C/min, the cubic phase is obtained. The conversion to the cubic phase is induced by the segregation of the Y in the grain boundaries, which were probably caused due to the slow heating rate employed during the sintering cycle (Figures 7-9 ).
The spectra of Figure 10 show similar results. Indeed, the samples that have a maximum transmittance in the UV-visible near IR are the same as those in the IR, and the transmittance varies just slightly between the two spectra and it depends on the samples.
Zirconia stabilized with higher % yttria and the more the ceramic has high transmittance. In addition, in the case of a zirconia partially stabilized and fully stabilized, the effect of a higher or lower heating rate has a significant impact. Indeed, the lower the heating rate, the more the material has a high maximum transmittance. It is clearly evident from Figure 10 that the transmittance corresponding to the rate of transmission is 2.5°C/min, which shows high transmittance, with transmittance of >50% in the visible and >65% in the near IR [66] . 
Conclusion
The current chapter deals with the various fabrication methodologies and syntheses of rare earth doped zirconia that can be employed for applications in areas, including catalysis, glassmaking, metallurgy, optoelectronics, batteries, and coatings for extreme environments.
During recent years, it has been reported that using mixed rare earth oxides as dopant may strongly improve the functional properties of the matrix such as increasing thermal shock resistance of zirconia-based thermal barrier coatings (TBCs) and improve ionic conductivity of solid oxide fuel cells (SOFCs) by surface segregation mechanisms. Various powder syntheses methodologies with an accent on hydrothermal powder synthesis is discussed. The feasibility of obtaining the sintering compacts of rare earth oxides and co-doped rare earth oxides both from the commercial and hydrothermal syntheses by rapid sintering methods such as spark plasma sintering is demonstrated. The role of rare earth oxides on sintering and in the point of view of applications is evident from the current work for the zirconia. Further investigations are necessary to validate the role of co-doped rare earth oxides for thermal barrier coatings and in SOFCs. The aforesaid is being investigated as a part of the project "MONAMIX" and will be reported elsewhere later.
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